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The writers (1, 2) have shown that every hemochromogen consists of 
reduced heine (the iron pyrrol complex of hemoglobin) combined with 
some nitrogenous substance.  They have furthermore given evidence 
(2)  that in cyanide hemochromogen there is one cyanide group for 
every heine group.  There had previously been two attempts to deter- 
mine the composition of pyridine hemochromogen.  Von Zeynek (5), 
before  the  nature  of  hemochromogen was  understood,  found  solid 
pyridine  hemoehromogen to  contain  2.2  molecules of pyridine per 
heine.  He regarded his single experiment as only preliminary and 
gave no certain evidence that the solid analyzed was pure pyridine 
hemochromogen.  Recently R. Hill (3) concluded that pyridine hemo- 
chromogen contains two pyridines per heine.  This conclusion is hardly 
justified by Hill's experiments.  And Hill did not consider two impor- 
tant difficulties, one concerned with the precipitation of reduced heine, 
the  other  with  the  aggregation  of  pyridine  hemochromogen.  We 
propose to discuss in some detail the difficulties in the study of the 
pyridine hemochromogen equilibrium for they are of general interest 
in the chemistry of the hemochromogens.  The complications of the 
pyridine reactions will be easier to understand if we first review the 
simpler reactions with cyanide. 
The Reactions between Cyanide and Reduced lteme. 
One molecule of KCN per molecule of reduced heine and not less 
suffices  to  convert a  2 × 10 -* ~t solution of reduced heme into cyan- 
hemochromogen.  This  proves  that  cyan-hemochromogen does  not 
contain more than one cyanide group per heine.  It does not exclude 
the possibility that cyan-hemochromogen contains less than  one cy- 
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anide group per heme.  For we have shown (1,2)  that in every hemo- 
chromogen there is the equilibrium: 
Hemochromogen~Nitrogenous  substance +  reduced heme. 
So some of the cyanide added must be free to drive the equilibrium 
Cyan-hemochromogen ~  Cyanide +  reduced heme 
to the left.  The following considerations, however, indicate that the 
free  cyanide in  the  2× 10 -4  ~  solution  of  cyan-hemochromogen is 
negligibly small. 
In a mixture of reduced heine and hemochromogen the fraction of 
the total pigment which has to be in the form of reduced heine in order 
for the spectrum of reduced heme to be seen is independent of the total 
pigment  concentration  provided  the  more  dilute  the  solution  the 
greater the thickness of it through which one looks.  Let us assume 
that the concentration of free cyanide needed to prevent the appear- 
ance of reduced heine, that is, to convert a given fraction of the pig- 
ment into hemochromogen, is independent of the total pigment con- 
centration in concentrations less than 2 × 10  -4 ~.  On this hypothesis 
as the total concentration  of  pigment is made smaller, the bound cyanide 
becomes smaller while the free cyanide remains the same.  In a  very 
dilute solution, then,  the free cyanide is approximately equal to the 
total cyanide added.  We found that in such a dilute solution it takes 
3.75X10-~ M cyanide to prevent  the  appearance  of  reduced  heme. 
If  the  free  cyanide is  likewise  3.75X10 -s  M in the relatively con- 
centrated 2 X 10 -4 M solution where it takes only 1 molecule of KCN 
to  convert a  molecule of reduced heme into  hemochromogen, then 
in this case the free cyanide is within the experimental error negligible 
and  so  cyan-hemochromogen probably  does  not  contain  less  than 
one cyanide group per heine. 
The Reactions  between Pyridine and Reduced Heme. 
In his study of the Composition of hemochromogen R. Hill (3) used 
pyridine as his nitrogenous substance.  We had pointed out (1)  that 
of  the  substances  originally  tested  pyridine  and  nicotine  had  the 
greatest  affinity  for  reduced  heine.  Later  experiments,  however, 
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greater than that of pyridine.  Hence the use of cyanide in the experi- 
ments just described and  the avoidance so far as possible of some of 
the serious di~culties which will now be discussed. 
Hill determined the number of pyridine molecules per heme needed 
to  prevent  the  appearance  of reduced heine in  solutions of various 
concentrations.  He states that reduced heine can be detected if pres- 
ent as 5 per cent of the total pigment.  Columns 1 to 3 of Table I give 
Hill's results.  The  other  columns give the  calculations  omitted  by 
Hill which we based on his results. 
In the most dilute  solution  (0.62 × 10 -3 5)  the total pyridine  was 
2.34 X 10 -8 ~r.  If one pyridine was bound per heme the free  pyridine 
was  (2.34-0.62)X10 -3  5  or  1.72X10 -3  M.  If  two  pyridines  were 
TABLE  I. 
Total heine 
MXI0a 
7.69 
3.42 
2:20 
1.62 
1.18 
.62 
Total  pyrldine 
M X lO  s 
14.6 
6.50 
4.62 
3.56 
2.83 
2.34 
Total pyrldine 
1.9 
1.9 
2.1 
2.2 
2.4 
3.8 
Free pyrldine 
=  1.72 X  10  -a M 
Bound  Pyridine 
pyridine  bound 
]l X 10a  per heme 
12.9  1.68 
4.78  1.40 
2.90  i .32 
1.84  1.14 
1.11  .94 
.62  1.00 
Free pyridlne 
m 1.10 X  10  "~ M 
Bound  Pyridine 
pyridine  bound 
u X I0  a  per  heme 
13.5  1.76 
5.40  1.58 
3.52  1.60 
2.46  1.52 
1.73  1.46 
1.24  2.00 
bound the free pyridine was (2.34-2×0.62)×10 -3 5  or 1.10×10 -a 5. 
Let us assume, since some assumption is necessary, that the free pyri- 
dine was the same in all the solutions.  The bound pyridine in the more 
concentrated solutions may now be obtained by subtracting the hypo- 
thetically constant free pyridine  from the  total pyridine  added.  Fi- 
nally the values of pyridine bound per heme are calculated by dividing 
the bound pyridine by the total heme.  These values are inconsistent 
and all less than two. 
Hill's conclusion that pyridine hemochromogen contains two pyri- 
dine groups per heine thus rests on the unproven assumption that the 
free pyridine was negligible in his most concentrated solutions.  If the 
free pyridine was the same in all the solutions then this assumption is 
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cates that the free pyridine in the concentrated solution was actually 
greater than in the dilute solutions, that  the  corrections for the free 
pyridine should be greater than they are in Table I rather than less as 
is necessary to justify Hill's conclusion. 
The Precipitation  of Reduced Heme.--Cyanide  has  an  affinity for 
reduced heine some fifty times greater than that of pyridine.  In order, 
therefore, for the free nitrogenous substance to be negligible compared 
with the bound a  solution of pyridine hemochromogen must be some 
fifty times as concentrated as a  similar solution of cyan-hemochromo- 
gen.  Hill's solutions, it has been pointed out, were not concentrated 
enough for the free pyridine to be negligible.  But they were concen- 
trated enough to introduce the problem of the precipitation of reduced 
heine. 
Let us suppose that in the equilibrium mixture 
Hemochromogen ~  Nitrogenous substance --F reduced heme 
90 per cent of the pigment is in the form of hemochromogen.  If the 
total concentration of pigment is low enough the 10 per cent of reduced 
heme  formed on  adding  the  reducing  agent  will remain  in  solution. 
This  small percentage  of reduced heine  cannot  be detected spectro- 
scopically.  If,  however,  the  total  concentration  of pigment  is  high 
enough, the amount of the sparsely soluble reduced heine formed will be 
greater than the amount which can stay in solution.  Reduced heme 
will precipitate, more hemochromogen will dissociate to maintain  the 
equilibrium and so on.  Under suitable conditions the continued for- 
mation of reduced heine can readily be followed with the spectroscope. 
Finally, the concentration of reduced heine in solution will correspond 
to  the  solubility  of  reduced  heine  or  at  least  to  some  condition 
where  reduced  heine  does  not  precipitate  rapidly.  But  the  total 
reduced  heine  in solution and a precipitate will now be more than  10 
per cent of the  total pigment and the spectrum of reduced heme will 
be seen. 
It follows from these considerations that to prevent the precipitation 
and hence the appearance of reduced heine, it is sufficient in the dilute 
solution to convert 90 per cent of the pigment  into hemochromogen 
leaving 10 per cent as reduced heine.  In the concentrated  solution, 
however, one cannot have in solution as reduced heme so much as 10 A.  E.  MIRSKY  AND  M.  L.  ANSON  585 
per cent of the total pigment and so more than 90 per cent must be 
converted into hemochromogen.  This can be done only by increasing 
the concentration of free nitrogenous compound.  To prevent, there- 
fore, the appearance of reduced heine one must have a higher concen- 
tration  of free nitrogenous  compound in  the  concentrated solution 
than in the dilute solution. 
As shown in Table I  1.9  pyridine molecules per heine have to be 
added to a 7.69 X 10  -3 M solution of reduced heine in order to cause the 
disappearance of the reduced heine spectrum.  If the free pyridine here 
is  1.72 X 10 -3  M as in the more dilute solution, then 1.68  pyridi~es 
are bound per  heine.  But in the  concentrated solution of pyridine 
hemochromogen the difficulty concerning the precipitation of reduced 
heine enters in to an unknown extent.  The  free pyridine needed to 
prevent the appearance of reduced heine would on this basis be higher 
than the 1.72 × 10  -3 ~ needed in the dilute solution and fewer than 1,6~ 
pyridines would be bound per heine.  Hill did not take this difficulty 
into account. 
The Aggregation of Pyridlne Hemochromogen.--The second difficulty 
in the study of the pyridine hemochromogen equilibrium is concerned 
with the possible aggregation of the hemochromogen itself.  Pyridine 
hemochromogen in a  10 per cent pyridine solution has a typical sharp 
narrow hemochromogen  a band, which is about 25 A. u. toward the blue 
of the a  band  of globin hemochromogen.  If the  solution  contains 
only 0.004 M pyridine and just enough pigment so that one can readily 
see the  hemochromogen band  when looking through a  layer  2  cc. 
thick, then immediately on reduction the a band is in the same position 
as in the 10 per cent pyridine solution.  Btrt within a few seconds there 
is a shift of the band toward the red of about 30/~. u. and within a few 
minutes a further shift of about 10 A.u.  The band, furthermore, be- 
comes broader and asymmetrical, the part toward the red being darker 
than the part toward the blue.  On half saturation with (NH4)2SO4 
the band shifts still  further toward the red and becomes still more 
asymmetrical.  All this is in harmony with our earlier observations (1) 
and with those of Keilin (4). 
In our original paper (1) we showed that such shifts in the position 
of a hemochromogen band are usually accompanied by a precipitation 
of the hemochromogen.  Keilin (4) has suggested that it is the change 586  PYRIDINE HEMOCHIIOMOGEN 
in the dispersion of the pigment to which the change in the spectrum 
is directly due.  This correlation between dispersion and spectrum is 
most easily observed with globin hemochromogen.  If this hemochro- 
mogen is precipitated by salting out in alkaline solution, by neutraliza- 
tion, or by dilution of a  neutral concentrated urea solution then the 
band shifts some 25/~. u. toward the red. 
The observations on pyridine hemochromogen therefore indicate 
that when the solution is dilute in respect to pyridine the hemochromo- 
gen is not molecularly dispersed.  Hill  did not recognize this diffi- 
culty nor is it clear how this difficulty even when recognized can be 
taken into account in the calculations. 
CO17CLUSIONS. 
1.  Cyanide hemochromogen probably contains one cyanide  group 
per heine group. 
2.  The equilibrium between pyridine hemochromogen and its com- 
ponents, pyridine and reduced heine, is complicated to an unknown 
extent by the precipitation of reduced heine and the aggregation of 
pyridine hemochromogen. 
3.  These complications were not taken into account in R.  Hill's 
experiments on pyridine hemochromogen. 
4.  Even if Hill's experiments are sound they do not prove his con- 
clusion that pyridine hemochromogen contains two pyridine groups 
per heme group. 
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